Na ؉ -activated K ؉ (KNa) channels are expressed in neurons and are activated by Na ؉ influx through voltage-dependent channels or ionotropic receptors, yet their function remains unclear. Here we show that KNa channels are associated with AMPA receptors and that their activation depresses synaptic responses. Synaptic activation of KNa channels by Na ؉ transients via AMPA receptors shapes the decay of AMPA-mediated current as well as the amplitude of the synaptic potential. Thus, the coupling between KNa channels and AMPA receptors by synaptically induced Na ؉ transients represents an inherent negative feedback mechanism that scales down the magnitude of excitatory synaptic responses.
Na ؉ -activated K ؉ (KNa) channels are expressed in neurons and are activated by Na ؉ influx through voltage-dependent channels or ionotropic receptors, yet their function remains unclear. Here we show that KNa channels are associated with AMPA receptors and that their activation depresses synaptic responses. Synaptic activation of KNa channels by Na ؉ transients via AMPA receptors shapes the decay of AMPA-mediated current as well as the amplitude of the synaptic potential. Thus, the coupling between KNa channels and AMPA receptors by synaptically induced Na ؉ transients represents an inherent negative feedback mechanism that scales down the magnitude of excitatory synaptic responses.
ionotropic receptors ͉ Li ϩ ͉ Slack channels ͉ dendritic integration ͉ synaptic plasticity N a ϩ influx via ionotropic receptors has been largely considered as a charge carrier without any direct effect on synaptic integration. Na ϩ -activated K ϩ channels (K Na ) have been shown to exist in many types of neurons (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . They are encoded for by two genes, Slick (Slo 2.1) and Slack (Slo 2.2) (11) (12) (13) , and display a wide distribution in many regions in the brain (12, 14, 15) . Most of the information available on these channels is related to their activation by Na ϩ influx through voltage-gated channels, but it has been difficult to assess their physiological role.
As excitatory ionotropic receptors are a major source of Na ϩ influx into neurons (16, 17) , it is conceivable that synaptically induced Na ϩ transients can activate K Na channels and shape their synaptic response. Indeed, it has been suggested that Slack channels co-localize with the postsynaptic density 95 (18) , a region with a high density of ionotropic glutamate receptors. Furthermore, we recently reported that K Na channels can be activated by Na ϩ influx through AMPA receptors in dissociated lamprey spinal neurons with properties similar to the cloned Slack channels (19) . Therefore, it is possible that K Na channels are located in close proximity to glutamate receptors at the postsynaptic dendritic sites to be activated by Na ϩ influx through these receptors.
Here we show that K Na channels are co-localized with AMPA receptors. They are activated by synaptically induced Na ϩ transients via AMPA receptors and act to decrease the amplitude of excitatory synaptic potentials. Our results thus provide evidence for a novel mechanism for regulation of excitatory synaptic transmission involving a negative feedback coupling between K Na channels and AMPA receptors that limits the amplitude of excitatory drive.
Results

AMPA Receptors Interact with Slack Channels In Vivo.
To examine whether AMPA receptors interact with Slack channels, coimmunoprecipitation assays were performed with rat brain synaptosomal fractions (P2 fraction) and lamprey CNS lysates. In both rat (Fig. 1A ) and lamprey CNS (Fig. 1B) , native Slack channels were specifically co-immunoprecipitated with anti-GluR2/3 antibody. This indicates that Slack channels are located in close proximity to AMPA receptors and the two proteins are associated in a complex in vivo. The localization of Slack channels and AMPA receptors in lamprey spinal neurons was further explored using immunohistochemistry. Immunofluorescence labeling with anti-Slack and antiGluR2/3 showed expression in somata and dendrites of neurons in the gray matter of the spinal cord (Fig. 1C) . In these experiments, Nissl stain (i.e., green fluorescence) was used to confirm that the labeling is confined to neurons. These results suggest that the endogenous postsynaptic Slack/AMPA interaction may play a role in controlling the magnitude of excitatory synaptic transmission.
Substitution of Na ؉ with Li ؉ Increases Amplitude of the Evoked Excitatory Postsynaptic Potentials (EPSPs) and Decay of Excitatory Postsynaptic Currents (EPSCs). After establishing a close interaction between AMPA receptors and K Na channels, we examined if K Na channels are activated by synaptically induced Na ϩ influx via AMPA receptors and whether they play a role in shaping synaptic responses. For this, we used the lamprey spinal cord in vitro and tested the effect of substituting Na ϩ with Li ϩ on synaptically evoked EPSPs and EPSCs. Whole-cell recordings were made from motoneurons and glutamatergic axons were stimulated with a glass suction electrode placed in the ventromedial part of the spinal cord ( Fig. 2A) . In these experiments, glycine and NMDA receptors were blocked with strychnine (5 M) and AP-5 (50 M), respectively. In addition, the calcium chelator BAPTA (1,2-bis[o-aminophenoxy]ethane-N,N,NЈ,NЈ-tetraacetic acid; 5 mM) and the Na ϩ channel blocker QX314 (5 mM) were added in the intracellular solution. The EPSPs evoked under these conditions were depressed by the non-competitive AMPA antagonist GYKI52466 (20 M) from 4.2 Ϯ 0.2 mV to 0.8 Ϯ 0.1 mV (P Ͻ 0.001; n ϭ 6; Fig. 2B ), indicating that they are mediated by activation of AMPA receptors.
When Na ϩ was replaced with Li ϩ , the amplitude of the EPSPs was significantly (P Ͻ 0.02) and reversibly increased from 4.3 Ϯ 0.5 mV to 6.4 Ϯ 0.9 mV (n ϭ 14; Fig. 2 C and D) . The decay time constants of the EPSPs were not statistically different (P Ͼ 0.05; n ϭ 14), averaging 55.4 Ϯ 10.7 ms and 61.9 Ϯ 12.4 ms under control conditions and in the presence of Li ϩ , respectively. The change in the EPSC amplitude and decay time constant was also examined in the same neurons by voltage-clamping them at Ϫ60 mV. Substitution of Na ϩ with Li ϩ very significantly slowed the decay time constant of the EPSC from 7.1 Ϯ 0.5 ms to 8.9 Ϯ 0.7 mV (P Ͻ 0.001; Fig. 2 E and F) . In a small minority of cells (three of 14), substitution of Na ϩ with Li ϩ also increased the peak amplitude of the synaptic currents, but overall there was no significant effect on synaptic current amplitude (127.9 Ϯ 26.5 pA in control vs. 119.6 Ϯ 21.1 pA in Li ϩ ; P Ͼ 0.05; Fig. 2E ). Subtraction of the EPSC in Li ϩ from that in control showed that the increase in the decay time constant is a result of a block of an outward current (Fig. 2E ). In 13 of 28 neurons studied, no change was seen with single EPSCs. However, in all neurons in which trains of five EPSCs were induced at 20 Hz, Li ϩ always increased the decay time constant of the last EPSC from 14.7 Ϯ 1.3 ms to 20.0 Ϯ 1.7 ms (P Ͻ 0.001; n ϭ 20; Fig. 2 G and H). In these experiments, substitution of Na ϩ with Li ϩ did not alter the input resistance, resting membrane potential, or holding current.
Li ؉ Acts Via Postsynaptic Mechanisms Independent of Glutamate
Transporters and Alteration of AMPA Receptor Current. To determine if the increase in the amplitude of the AMPA-mediated EPSP involves pre-or postsynaptic mechanisms, we tested the effect of substituting Na ϩ with Li ϩ on paired-pulse ratio (PPR). Li ϩ increased the amplitude of the EPSP without significantly (P Ͼ 0.05) altering the PPR that was 1.4 Ϯ 0.1 in control and 1.5 Ϯ 0.1 in Li ϩ (n ϭ 11; Fig. 3 A and B) . These results suggest that the increase in the amplitude of the AMPA-mediated EPSP is caused by a postsynaptic action most likely caused by the lack of activation of AMPA-coupled K Na channels in the presence of Li ϩ . Previous studies showed that substitution of Na ϩ with Li ϩ increases the extracellular glutamate concentration by inhibiting its re-uptake (20) . To rule out this possibility, the effect of substituting Na ϩ with Li ϩ on the EPSP was tested in the presence of the Fig. 3 C and D) . The effect of TBOA and Li ϩ was also tested on the EPSCs in the same neurons. In control, the EPSC time constant was 7.5 Ϯ 0.9 ms (n ϭ 8) and did not significantly change in TBOA (8.1 Ϯ 1.0 ms; P Ͼ 0.05), whereas it increased to 11.0 Ϯ 1.4 ms when Na ϩ was replaced with Li ϩ (P Ͻ 0.05; Fig. 3 E and F). These results suggest that the effect of Li ϩ on the EPSP amplitude and EPSC decay time constant is not caused by an alteration of glutamate transporter function.
To rule out the possibility that the Li ϩ -induced increase in the decay time constant of evoked EPSCs is caused by altering AMPA receptor current, the effect of Li ϩ was tested on miniature EPSCs (mEPSCs) recorded in spinal cord neurons in the presence of TTX (1 M). The decay time constant of mEPSCs remained unchanged when Na ϩ was replaced with Li ϩ (8.6 Ϯ 0.5 ms in control and 8.4 Ϯ 0.6 ms in Li ϩ ; P Ͼ 0.05; n ϭ 6; Fig. 4 A and B) . Li ϩ had no effect on the amplitude and frequency of mEPSCs (n ϭ 6; Fig. 4 C and   D) . These results indicate that the change in the decay time constant of evoked EPSCs is not mediated by a direct effect of Li ϩ on AMPA receptor current.
Finally, to show that the increase in the decay time of the EPSC is not caused by modulation of AMPA receptor desensitization, we tested the effect of Li ϩ in the presence of cyclothiazide (5 M) (21, 22) . Application of cyclothiazide alone had no significant effect on the decay time constant of the EPSC (P Ͼ 0.05, n ϭ 5), whereas substitution of Na ϩ with Li ϩ in the presence of cyclothiazide always increased the decay time constant of AMPA-mediated EPSCs (data not shown). Together these results indicate that the decay time constant of the AMPA-induced EPSCs is controlled by Na ϩ -dependent current.
Change of Decay of AMPA-Induced EPSCs Involves Modulation of a K ؉
Current. To determine the nature of the Na ϩ -dependent current controlling the decay time of the AMPA-mediated EPSCs, its reversal potential was estimated by measuring its amplitude at different holding potentials (n ϭ 11; Fig. 5C ). In these experiments we used trains of five EPSCs at 20 Hz. At depolarized membrane potentials (e.g., Ϫ60 mV), lithium blocked an outward current induced by AMPA (Fig. 5A) . At more hyperpolarized potentials (e.g., Ϫ100 mV), this current is reversed and corresponds to an inward current (Fig. 5B ). There was a linear relationship between the amplitude of the outward current and the holding membrane potential, with the current reversing at around Ϫ95 mV, which is similar to the estimated reversal potential of K ϩ (Fig. 5C) . Thus, the outward current induced by AMPA receptor activation seems to be mediated by a Na ϩ -activated K ϩ current that is blocked in Li ϩ .
Bithionol Mediates a Faster Decay of the AMPA-Induced EPSC.
To confirm that the Li ϩ effect on the decay of the AMPA-induced EPSC is caused by a blockade of K Na channels, we tested the effect of the K Na activator bithionol, which is known to activate Slack channels (23) . We first tested the effect of bithionol on the amplitude of the activated K Na current in the dissociated lamprey spinal neurons. Previously, we reported that application of AMPA (100 M) induces an inward current followed by an outward K Na current mediated by Slack-like channels (19) . Parallel experiments were done by using neurons from the same dissociation, one serving as control and the other one pretreated with bithionol (10 M). Bithionol significantly increased the amplitude of the K Na current activated by Na ϩ influx via AMPA receptors from 48.7 Ϯ 1.4 pA/pF to 108.4 Ϯ 3.7 pA/pF (P Ͻ 0.001; n ϭ 22; Fig. 6 A and B) . Furthermore, in neurons treated with bithionol, the AMPA-induced inward current had a faster decay than control (Fig. 6A) .
We next tested the effect of bithionol on AMPA-mediated EPSPs and EPSCs. Bithionol (10 M) decreased the amplitude of the EPSP from 3.8 Ϯ 0.1 mV to 3.0 Ϯ 0.1 mV (P Ͻ 0.01; n ϭ 6; Fig.  6 C and D) . In the same neurons, the decrease in the EPSPs amplitude was parallel with a decrease in the decay time constant of the EPSCs from 7.5 Ϯ 0.7 ms to 6.8 Ϯ 0.9 ms (P Ͻ 0.05; n ϭ 6; Fig. 6 E and F) , whereas the amplitude of the EPSCs was unchanged in bithionol (P Ͼ 0.05). We also tested the effect of bithionol and lithium in the same neurons on AMPA-mediated EPSCs and EPSPs. In all cases in which trains of five EPSCs where evoked, the decay time constant of the last EPSC of the train was significantly decreased by bithionol from 15.3 Ϯ 1.3 ms to 9.3 Ϯ 0.9 ms (P Ͻ 0.001; n ϭ 7; Fig. 7 A and B) . Substitution of Na ϩ with Li ϩ , after washout of bithionol, increased the decay time constant of the EPSC to 19.9 Ϯ 2.1 ms (n ϭ 4; Fig. 7A ). Similarly, bithionol and lithium produced opposite effects on the amplitude of the EPSPs. In bithionol, the amplitude of the AMPA-mediated EPSPs was significantly reduced from 4.4 Ϯ 0.7 mV to 3.4 Ϯ 0.6 mV (P Ͻ 0.01; n ϭ 4; Fig. 7 C and D) , and subsequent substitution of Na ϩ with Li ϩ always increased the amplitude of the EPSPs in the same neurons. Finally, the effects of bithionol on the EPSP amplitude and EPSC decay time constant were blocked when Na ϩ was substituted with Li ϩ . Li ϩ significantly increased the EPSP amplitude from 4.2 Ϯ 0.2 mV to 5.6 Ϯ 0.3 mV (P Ͻ 0.001) [supporting information (SI) Fig.  S1 A and B) . In the presence of Li ϩ , bithionol failed to decrease the amplitude of the EPSP (P Ͼ 0.05; Fig. S1 A and B) . In the same neurons, Li ϩ increased the EPSC decay time constant from 6.9 Ϯ 0.4 ms to 8.4 Ϯ 0.2 mV (P Ͻ 0.001) and counteracted the effect of bithionol ( Fig. S1 C and D) . Together these results suggest that Na ϩ influx via AMPA channels activates the K Na current that controls the decay of the AMPA-induced synaptic current and the amplitude of the EPSPs.
Discussion
The main finding of this study is that K Na channels can be activated by synaptically induced Na ϩ influx via AMPA receptors and can mediate a negative feedback loop that decreases the magnitude of excitatory synaptic transmission. We show, by using co-immunoprecipitation experiments, that K Na channels interact closely with AMPA receptors in the lamprey spinal and rat CNS. By using electrophysiological recordings, we provide evidence that Na ϩ transients via synaptically activated AMPA receptors are able to activate K Na channels. First, substitution of Na ϩ with Li ϩ prevents the activation of K Na current and slows the decay time constant of the EPSCs and increases the amplitude of the EPSPs. Second, the AMPA-induced K Na current that is blocked in Li ϩ reverses at a membrane potential close to the calculated reversal potential for K ϩ . Finally, bithionol, which is known to activate Slack channels, increases the AMPA-induced K Na current and causes a faster decay of the EPSCs and a decrease in the amplitude of the EPSPs. Together these results show a close interaction between K Na channels and AMPA receptors that underlies a negative feedback loop to control the magnitude of the excitatory synaptic potential.
In this study, the activation of K Na channels was perturbed mainly by substituting Na ϩ with Li ϩ , which may affect the desensitization of the glutamate receptor (24, 25) and re-uptake of glutamate (20) . In our study, the changes induced by substituting Na ϩ with Li ϩ persisted after blocking AMPA receptor desensitization by cyclothiazide and re-uptake of glutamate by TBOA. In addition, the Li ϩ effect was present after chelating calcium with BAPTA, suggesting against an effect of a Na ϩ -Ca 2ϩ exchange (26) . The increase in the decay time constant of evoked EPSCs by Li ϩ was not caused by a direct effect on the AMPA current, as the time course of mEPSCs was not altered by Li ϩ . The lack of an effect of Li ϩ on the decay time constant of mEPSCs also indicates that Na ϩ influx associated with single mEPSCs is insufficient to activate nearby K Na channels. Thus, in our study, substitution of Na ϩ with Li ϩ appears to affect synaptic responses by blocking the activation of K Na channels.
In current clamp experiments, we found that substitution of Na ϩ with Li ϩ increases the amplitude of synaptic potentials, whereas under voltage-clamp conditions, the same substitution does not alter the size of peak synaptic currents but very significantly slows their decay. The increase in size of synaptic potentials is likely to reflect the decrease in membrane conductance produced by loss of the K Na current during the EPSP. Indeed, simple numerical simulations of the effects of loss of a K ϩ current triggered very rapidly following Na ϩ influx during a synaptic potential predict an increase in size of synaptic potentials (data not shown). The fact that the K Na current, controlling the decay of the EPSCs, could be reversed by changing the holding potential of the recorded neurons indicates that they are located post-synaptically. This is further supported by the lack of an effect of substitution of Na ϩ with Li ϩ on PPR. However, our results do not exclude the possibility that K Na channels could also be located on pre-synaptic terminals, where they may contribute to the regulation of transmitter release.
K Na channels exist in neurons in many regions of the CNS and have been shown to require high Na ϩ (Ͼ20 mM) to become activated (12, 27) . In the lamprey spinal cord, K Na can be also activated during a single or burst of action potentials (10, 28) , and the K Na current consists of two components: one transient and the other sustained (6) . The transient K Na appears to be critical for setting the amplitude and duration of the action potential, whereas the sustained K Na current may underlie the slow Ca 2ϩ -independent after-hyperpolarization mediated by repetitive firing. In addition, immunohistochemical data show that neurons in the gray matter of the lamprey spinal cord express Slack-like channels (10) . Slack channels expressed in transfected cell lines can be activated by elevations of Na ϩ at potentials between Ϫ80 and ϩ 80 mV (11) . In lamprey neurons, Slack channels can be activated by Na ϩ influx via AMPA receptors even when the neurons are held at Ϫ60 mV, as indicated by the occurrence of an outward K Na current in response to AMPA (19) . Na ϩ transients induced by repetitive stimulation of ionotropic glutamate receptors in the cerebellum (29) and hippocampus (17) can induce a large Na ϩ influx up to Ϸ100 mM in active spines. Recent evidence also shows that Slack channels co-localize with the postsynaptic density 95 (18) , and activation of AMPA receptors in isolated neurons results in an outward K Na current (19) . Our results not only show that K Na channels are located in close proximity to AMPA receptors, but they also indicate that synaptic activation of AMPA receptors induces sufficient Na ϩ influx to activate the K Na current. The activated outward current determines the time course of the decay of the AMPA-mediated EPSCs and shapes synaptic integration.
Superficially, the physiological functions of potassium channels activated by Na ϩ , such as Slack, and those activated by Ca 2ϩ , such as small-or large-conductance calcium-activated K channels, appear to be somewhat similar. Both provide a hyperpolarizing drive during single or repetitive simulation, and both have been shown to produce adaptation during repetitive stimulation and slow afterhyperpolarizations (12, 30, 31) . In addition to their effects on excitability, however, elevations of Ca 2ϩ and Na ϩ levels in the cytoplasm have metabolic and signaling functions that are quite distinct from each other. Thus, the selective recruitment of either K Na or K Ca channels may allow repeated synaptic stimulation to be linked to different patterns of cytoplasmic signaling. Our results provide evidence for activation of K Na current by Na ϩ transients mediated by synaptic activation of ionotropic glutamate receptors. This inherent negative feedback loop may add unique features to synaptic integration, whereby excitatory synaptic inputs limit their own magnitude by activating K Na channels.
Materials and Methods
Tissue Preparation, Immunoprecipitation, and Western Blotting. Adult rat brains were homogenized in ice-cold 50 mM Tris-HCl buffer (pH 7.4), containing 0.32 M sucrose, 1 mM EDTA, and proteinase inhibitors. Tissue homogenization (10% wt/vol) was performed by three series of 20 strokes in a Potter-Elvehjem glass homogenizer. After centrifugation at 1,090 ϫ g for 10 min, the pellets were discarded and the supernatants were centrifuged again at 13,000 ϫ g for 30 min to obtain an enriched synaptosomal pellet (i.e., P2 synaptosomal-mitochondrial fraction). Crude synaptosomal fraction from rat brain and lamprey CNS were lysed at 4°C in buffer containing 0.5% Triton X-100 and 1% ␤-octyl glucoside plus proteinase inhibitors using 40 to 60 strokes in a glass homogenizer. Protein lysates were clarified by centrifugation, divided in two parts, and analyzed by immunoprecipitation with control (unconjugated rabbit anti-goat IgG; Jackson Immunoresearch) or anti-GluR2/3 antibodies, followed by immunoblotting with antipan-Slack antibody. Immuno-complexes were incubated for 1 h in SDS/PAGE sample buffer at room temperature and then separated using a 7.5% acrylamide gel. All blots were scanned in a Storm 860 FluorImager (Molecular Dynamics). The specificity of the pan-Slack antibody was assessed previously in the lamprey by pre-absorbing the antibody with the antigen peptide (10) . Both GluR2/3 and pan-Slack antibodies produced single bands at the appropriate molecular weight in CNS tissue from rat and lamprey.
Immunohistochemistry. The spinal cord was fixed in 4% paraformaldehyde for 4 h and subsequently washed in PBS solution (0.01 M). After 4 h in 20% sucrose, 14-m cryostat sections were made. The slides were then incubated with the rabbit anti-Slack antibody (0.5 g ml Ϫ1 ) or the rabbit anti-GluR2/3 antibody (0.5 g ml Ϫ1 ; Upstate/Millipore) for 48 h. As a secondary antibody, a donkey antirabbit IgG-Cy3 (1:500; Jackson Immunoresearch) was used for visualization. After wash of the secondary antibody, Nissl stain (green fluorescence; 1:1,000; Molecular Probes/Invitrogen) was used for 15 min to label neurons.
Cell Dissociation. The spinal cord of larval lampreys was dissociated in Leibovitz L-15 culture medium (Sigma) with penicillin-gentamicin (2 l/ml; Sigma) added and the osmolarity adjusted to 270 mOsm (32) . The spinal cord was treated with collagenase (1 mg/ml; 30 min; Sigma) and then in protease (2 mg/ml, 45 min; Sigma). The tissue was subsequently washed with the culture medium and triturated through a sterilized glass pipette. The dissociated neurons were then distributed in 20 Petri dishes and incubated at 10°C to 12°C for 1 to 2 days. The dissociated neurons include motor neurons and crossing interneurons (33) .
Electrophysiology. Whole-cell recordings were made from the dissociated spinal cord neurons and their membrane potential was held at Ϫ60 mV. The neurons were continuously perfused with an extracellular solution containing (in mM): NaCl 124, KCl 2, MgCl 2 1.2, CaCl2 2, glucose 10, and Hepes 10 (pH 7.60). The intracellular solution contained (in mM): KCl110, MgCl 2 1.2, CaCl2 1, EGTA 10, glucose 10, and Hepes 10 (pH 7.59). The solutions were applied through a gravity-driven microperfusion system with the tip placed close to the recorded cell. For the analysis of synaptic transmission, whole-cell patch-clamp recordings were made using the lamprey spinal cord in vitro. After spinal cord was dissected free of the notochord, the meningeal layers were removed and a thin slice above the motor-neurons and inter-neurons area was cut using a vibratome (34) . The spinal cord then was mounted ventral side up in a cooled (8°C-12°C) Sylgardlined chamber. EPSPs and EPSCs were elicited by stimulation of the medial fiber tract on the ventral surface of the spinal cord using a suction electrode. The preparation was continuously perfused with an extracellular solution containing (in mM): NaCl 110, KCl 2, MgCl 2 7.2, CaCl2 12, glucose 10, and Hepes 10 (pH 7.60). The intracellular solution contained (in mM): KCH 3SO3 102, MgCl2 1.2, CaCl2 1, BAPTA 5, glucose 10, and Hepes 10 (pH 7.45). GTP (1 mM; Sigma), phosphocreatine (5 mM; Sigma), and QX314 (5 mM; Tocris) were added to the intracellular solution. To record miniature AMPA-mediated EPSCs (i.e., mEPSCs), TTX (1 M), AP5 (50 M), and strychnine (5 M) were added to the perfusing solution. AMPA (Sigma) was applied for 40 s at a concentration of 100 M. Bithionol (Sigma) was used at a concentration of 10 to 20 M. We also used cyclothiazide (5 M; Sigma), TTX (1 M; Sigma), DL-TBOA (50 M; Tocris), and GYKI52466 (20 M; Sigma). In experiments in which Na ϩ -free solution was used, NaCl in the extracellular solution was replaced with LiCl in an equimolar concentration. Data Analysis. Data were recorded using pClamp 8.2 and pClamp9 software (Axon Instruments). The analysis was performed by using Clampfit and Origin (Microcal Software). The analysis of mEPSCs was performed by using Mini Analysis Program (Synaptosoft). Data are expressed as mean Ϯ SEM and the n indicates the number of neurons tested. A Student t test or paired t test was used for statistical comparison of data.
